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SINGLE PIECE HUB WITH INTEGRAL 
UPPER AND LOWER FEMALE CONES 
AND METHOD FOR MAKING THE SAME 



Cross-Reference to a Related Application 

This application claims priority to provisional application, Serial No. 
60/138,945, filed June 11, 1999. 

Field of the Invention 

The present invention relates to the field of fluid dynamic bearings, and more 
specifically to a process for accurately cutting the conical surfaces into a hub to 
define the hub faces for a conical bearing, so that the motor hub is designed as a 
single component. 

Background of the Invention 

Fluid dynamic bearings have come into increasingly wide-spread use, 
especially in fields where the stability of the shaft and bearing assembly is of critical 
importance, such as in the field of disk drives and the like. Ball bearing assemblies 
have many mechanical problems such as wear, run-out and manufacturing 
difficulties. Moreover, resistance to operating shock and vibration is poor because 
of flow damping. Thus, fluid dynamic bearings where in a lubricating fluid such 
as gas or liquid or air provides a bearing surface between a fixed member of the 
housing and a relatively rotating member have come into increasingly wide-spread 
use. Such fluid dynamic bearings spread the bearing surface over a large continuous 
area in comparison with the ball bearing assembly which comprises a series of point 
interfaces. This is desirable because the increased bearing surfaces reduce wobble 
or run-out between the rotating and fixed members. Further, improved shock 
resistance and readiness is achieved with a fluid dynamic bearing. Also, the use 
of fluid in the interface area imparts damping effects to the bearing. 
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An especially desirable design is a conical bearing, as a single bearing or 
a pair of facing bearings can impart substantial radial and axial stability to a system. 

However, due to nominal gaps in a conical fluid bearing on the order of 1 
to 3 microns, precise size and positional control must be maintained during 
component fabrication and assembly. If not done, the assembled components will 
not have the proper geometric relationships necessary to produce a functional air 
bearing when the parts rotate at the operating speed. 

Summary of the Invention 

For purposes of this description, a dual conical fluid bearing spindle includes 
four basic components. These components are the upper male cone/shaft, the upper 
female cone, the lower male cone/shaft and the lower female cone. According to 
the present invention, the upper and lower female cones are integrated into a single 
part, more specifically the hub. This hub, in designs of a disk drive or the like where 
the shaft is fixed, may support an external flange for supporting one or more disks 
for rotation with the hub. 

To simplify fabrication of this integral hub piece, the opening between the 
upper and lower female cones in this hub has sufficient width or radial dimension 
to allow access to both cones from one side of the hub with the cutting tool. A 
cutting tool is used which has a width smaller than the opening between the cones. 
Preferably, the tool has a width which is about equal to or smaller than an angular 
dimension through this opening which is defined by extending surfaces of the upper 
and lower female cones. If this limitation is satisfied, both cones can be created 
with a single machine set up operating from one side of the integrated hub. 

Preferably the tool should only move orthogonal or parallel to the cutting 
tools rotational center axis. 

This assembly design and fabrication technique eliminates the tolerance 
accumulation associated with the assembly of separate upper and lower female cones. 
Further, since the component manufacturing operation is done on the same machine 
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set-up, there will be no error associated with rechucking the hub between two 
separate fabrication operations. 

Other features and advantages of the present invention will become apparent 
to a person of skill in the art who studies the following invention disclosure given 
in association with the following set of drawings. 

Brief Description of the Drawings 

FIG. lAand IB are exploded views of the basic components of a dual cone 
fluid dynamic bearing; 

FIG. 2 is a modified version of FIG. 1 showing in this instance the integrated 
upper and lower female cones which are a subject of the present invention; 

FIG. 3 is a vertical section of the integrated hub comprising the upper and 
lower female cones and with the essential dimensions of the present invention 
illustrated; 

FIG. 4 is a vertical sectional view similar to the view of FIG. 3 illustrating 
the cutting tool, the width of the opening, and the width of the tool which is used 
to cut both the upper and lower cones according to the present invention; 

FIG. 5 is a modified version of FIG. 4 showing cutting of the lower cone 
of the integrated cones; and 

FIG. 6 shows the integrated hub comprising the upper and lower female 
cones, the upper male shaft/cone and the lower male shaft/cone all integrated into 
an exemplary motor in which the fluid dynamic bearing is useful. 

Detailed Description of a Preferred Embodiment 

A typical conical fluid bearing spindle has the basic parts shown in FIG. 
1 A comprising an upper male cone/shaft element 10, an upper female cone 12, a 
lower male cone/shaft element 14 and a lower female cone 16. Typically, each of 
these pieces is separately fabricated. The pieces can then be assembled by joining 
the upper and lower female cones 12,16. The shaft 22 of the upper male cone/shaft 
1 0 is then inserted into the bore 24 of the lower male cone/shaft 14. Prior to doing 
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this, of course, the upper female cone 12 and lower female cone 16 must be joined 
together, perfectly aligned. A further alternative appears in Fig. 1 B where the male 
cones slide over or are otherwise fitted on a shaft which is inserted through the 
openings 65 in the cone sections 12, 16 which are joined as above. Due to the 
5 nominal gaps in a conical fluid bearing being on the order of 1 to 3 microns, precise 

size and positional control must be maintained during component fabrication and 
assembly. If not, the assembled components will not have the proper geometric 
relationships necessary to produce a bearing when the parts rotate at operating speed. 
Fabrication technology does exist to manufacture each of the individual components 

10 of FIGS. 1 A and IB to a high degree of precision. However, it is evident that to 

improve the positional control of the components in the assembly, that it would 
be highly desirable to produce an integrated hub 50 as shown in FIG. 2. This 
integrated hub would include both the upper and lower female cones 52, 54, 
respectively integrated into a single part. 

1 5 The successful final machining process for this single piece hub 5 0 shown 

in its rough cast or machined form in FIG. 3 relies primarily on two dimensions 
marked as 60 and 62 in FIG. 3. Dimension 60 is the radial width of the opening 
65 between the upper and lower female cones; dimension 62 is the angular width 
of the opening, which may be defined as the distance between two lines which extend 

2 0 from inner surfaces of the cone. The dimension 60 is set large enough to allow the 

shaft of the combination cones/shaft 10, FIG. 2 to pass through the opening 60. 
In the present example, the shaft 22 is shown attached to the cone 23; obviously, 
the shaft could equally well be attached to the lower cones/shaft 14 with the bore 
24 appearing in the upper male cones/shaft 1 0. In a further alternative, the dimension 
25 60 could be set large enough to allow for joinder of two mating surfaces of an upper 

and lower male cone 41, 43 as in FIGS, lAand IB. However, such an approach 
is more difficult to assemble accurately and stabilize as the two pieces must be joined 
inside the integral hub 50. 

The critical dimension is the dimension 62 which is the dimension defined 

3 0 at the center line 65 of the opening between the upper 67 and lower 66 cone openings 
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in the integral hub piece 50. The dimension 62 is defined and extends between a 
first line 70 drawn colinear with the conical surface of the upper cone and a second 
line 74 drawn parallel to line 70 and colinear with the conical surface of the lower 
hub female cone 76. 

5 The significance of this dimension 62 becomes apparent from a comparison 

of FIGS. 4 and 5 which show the use of an exemplary tool for cutting on the surfaces 
52,54 of the upper and lower cones 67, 66. This tool 90 mounted on a support shaft 
92 is designed to have a width 94 which is less than (or about equal to) the dimension 
62 (FIG. 3) defined by the opening between the two surfaces 72, 76 (FIG. 3). It 

10 is evident from a comparison of the figures that the dimension 94, which represents 

the width of the tool, must be less than or about equal to the dimension 62 which 
is the angular width of the opening defined by the lines 70, 74 extending parallel 
to selected parallel surfaces of the upper and lower cones. In this way, the tool 90 
may first cut the surface 52 of the upper cone, and then be pushed through the 

1 5 opening 65 to cut the surface 54 of the lower cone 66. By adopting this approach, 

access to both cones 66, 67 from one side of the hub is achieved. With a cutting 
tool 90 having a dimension 94 less than the critical angular opening dimension 62, 
both female cones 66, 67 defined by their surfaces 52,54 can be created with a single 
machine set-up. This assembly design and fabrication technique eliminates the 

2 0 tolerance accumulation associated with the assembly of separate upper and lower 

female cones into a single hub with a single unitary hub being substituted. 
Furthermore, since the component manufacturing operation is done in a single 
machine set-up, there is no error associated with rechucking the hub between two 
separate fabrication operations. Therefore, the highly precise dimensions of the 
25 cones can be achieved. Finally, either the part being cut, or the cutting tool can 

move in forming the female conical surfaces. 

This approach using a single unitary hub can be used to establish either a 
rotating hub, rotating about a fixed shaft, or a fixed hub with a rotating shaft. For 
example, referring back to FIG. 2, it can be seen that hub 50 of FIG. 2 includes a 

3 0 disk support ledge 100, so that the hub as it rotates about the integrated shaft 10, 
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14 can support one or more disks for rotation. In contrast, in FIG. 6 a complete 
motor is shown incorporating the unitary hub 50 of the present invention with a 
extended portion 1 10 of the hub supporting a magnet 1 1 2 which cooperates with 
a stator 1 14 to drive a motor. The same external portion 1 10 of the hub 50 rotates 
5 within a recess in base 1 20 which may be incorporated into a disc drive or the like. 

A disc support surface can be provided on the hub. 

Other features and advantages of the present invention may become apparent 
to a person of skill in the art who studies this disclosure. Therefore, the scope of 
the invention is to be limited only by the following claims. 
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